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ELECTROLYTE FOR LITHIUM CELL

[0001] The present invention relates to an electrolyte, to an
clectrolyte solvent, to an electrolyte additive, to ethers and to
the use thereof.

STATE OF THE ART

[0002] Lithium 10n cells have a positive electrode (cath-
ode), a negative electrode (anode) and a porous separator
disposed 1n between. The positive and negative electrodes
cach comprise a material into which lithium 1ons (LL.17) can be
intercalated and out of which they can be deintercalated
again, reversibly. The intercalation and deintercalation for
lithium 10ns takes place 1n the presence of an electrolyte
comprising a conductive lithium salt and at least one electro-
lyte solvent.

[0003] In most lithium 10n cells both 1n the consumer sec-
tor, for example 1n cell phones, MP3 players or power tools,
and 1n the automotive sector, for example 1n electrical
vehicles and hybrid vehicles, the conductive lithium salt used
1s lithtum hexafluorophosphate (L1PF ). In order to dissolve
the conductive lithium salt, ethylene carbonate (EC) 1s
present 1n virtually all electrolytes currently used for lithium
ion cells. The separator used 1s usually a polyethylene or
polypropylene separator.

DISCLOSURE OF THE INVENTION

[0004] The present invention relates to an electrolyte, to an
clectrolyte solvent and to an electrolyte additive, especially
for a lithium cell, for example a lithium 1on cell, comprising
at least one ether, and to corresponding ethers and to the use
thereol, more particularly, the at least one ether may be a
symmetric or asymmetric ether, for example a (mono )ether or
(oligo)ether.

[0005] A lithium cell may especially be understood to mean
a cell having an electrochemical reaction based on an elec-
trochemical reaction of lithium. A lithtum cell may eirther be
a lithium 10on cell having a lithium intercalation anode, for
example made from graphite, or a lithtum metal cell having an
anode made from metallic lithium or a lithium alloy.

[0006] It has been found that symmetric and asymmetric
cthers, especially symmetric or asymmetric (mono )ethers or
(oligo)ethers, firstly have a dielectric constant which may be
higher than the dielectric constant of acyclic carbonates such
as dimethyl carbonate (DMC), ethyl methyl carbonate (EMC)
or diethyl carbonate (DEC). For example, symmetric and
asymmetric ethers, especially symmetric or asymmetric
(mono )ethers or (oligo)ethers, may have a dielectric constant
of not less than 7, whereas the dielectric constant of acyclic
carbonates, dimethyl carbonate (DMC), ethyl methyl carbon-
ate (EMC) or diethyl carbonate (DEC) 1s typically only about
2 to 3. On the other hand, symmetric and asymmetric ethers,
especially symmetric or asymmetric (mono)ethers or (oligo)
cthers, may have a much lower viscosity than cyclic carbon-
ates such as ethylene carbonate (EC) and propylene carbonate
(PC). For example, symmetric and asymmetric ethers, espe-
cially symmetric or asymmetric (mono)ethers or (oligo)et-
hers, even at room temperature may have a viscosity of about
0.3 to 0.6 mPa*s, whereas the viscosity of ethylene carbonate
(EC) at 40° C. 1s 1.9 mPa%¥s.

[0007] This advantageously enables 1n an electrolyte con-
taining cyclic and/or acyclic carbonates, for example an eth-
ylene carbonate-contaiming electrolyte, through the use of
one or more symmetric and/or asymmetric ethers, a reduction
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in the proportion of cyclic and/or acyclic carbonates, espe-
cially the proportion of ethylene carbonate, and hence provi-
sion of an electrolyte having a reduced viscosity and having
similarly good lithium 10n solvation and coordination prop-
erties to an ether-free electrolyte having a higher proportion
of cyclic carbonates, especially having a high ethylene car-
bonate content.

[0008] Through the reduction in the proportion of cyclic
carbonates, especially in the ethylene carbonate content, 1t 1s
additionally possible in an advantageous manner to reduce
the mterfacial tension of the electrolyte and hence to improve
or accelerate the wetting propensity of the electrolyte with
respect to polyolefin separators such as polyethylene (PE)
and/or polypropylene (PP) separators. This 1s advantageous
especially 1n the production of comparatively large lithium
(10n) cells, since the electrolyte filling therein 1s a process step
which generally takes a long time 1n the case of conventional
clectrolytes having a high ethylene carbonate content. The
reason for this 1s that conventional electrolytes having a high
cthylene carbonate content have a high surface tension of
about 44 dynes/cm, and therefore these polyolefin separators,
which typically have a surface tension of about 29-35 dynes/
cm, are wetted only slowly. The use of the ether-containing
clectrolyte can advantageously bring about faster wetting of
the separator with the electrolyte, and, as a result, faster
incorporability of the electrolyte into the lithium 1on cell
being produced, and hence advantageous acceleration of the
otherwise time-consuming process step of electrolyte filling.
In addition, a reduction 1n the proportion of propylene car-
bonate or a propylene carbonate-iree configuration of the
clectrolyte 1n the case of a graphite-containing anode can
reduce or prevent exioliation of the graphite by polycarbon-
ate

[0009] A reduction in the proportion of acyclic carbonates
has the advantage that acyclic carbonates having a generally
low flash point can be replaced by ethers having a higher flash
point and hence the safety of the electrolyte can be improved.

[0010] However, addition of ethers while maintaining a
high proportion of cyclic and/or acyclic carbonates can also
bring advantages, since the ether can increase the solubility of
the conductive salt or lithium salt 1n the electrolyte, and the
clectrolyte conductivity can advantageously be improved by
a higher amount of conductive salt or lithium salt dissolved 1n
the electrolyte.

[0011] In addition to use of ethers as cosolvent or solvent,
surprisingly, even the addition of very small amounts of ether,
for example in the range from =0.5% by weight to =2% by
weilght, to the electrolyte, 1.e. even the use of ethers 1n the
region ol a conventional additive concentration, has been
found to be advantageous since this can lead to improved
formation of what 1s called the SEI (*solid electrolyte inter-

face™).

[0012] In order to achieve one or more of the above-de-
scribed advantages, the at least one ether, especially symmet-
ric or asymmetric ether, can be used 1n the context of the
invention both as cosolvent and as additive, or else optionally
as main solvent. The electrolyte, the electrolyte solvent and/
or the electrolyte additive may optionally be ether-based. In
this context, “main solvent” and “ether-based” may espe-
cially be understood to mean that the proportion of ethers,
based on the total amount of carbonates and ethers or based on
the total amount of solvent, amounts to at least 50% by
weight. Optionally, the electrolyte, the electrolyte solvent
and/or the electrolyte additive may be carbonate-free.
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[0013] The mnvention provides an electrolyte comprising at
least one cyclic carbonate and/or at least one acyclic carbon-
ate and at least one ether.

[0014] In the context of one embodiment, the electrolyte
comprises, based on the total weight of the carbonates and

cthers, for example based on the total weight of solvent,
=0.1% by weight to =20% by weight of ethers.

[0015] For example, the at least one ether may be used as
cosolvent(s), in which case the electrolyte, based on the total
weight of the carbonates and ethers, for example based on the
total weight of solvent, may comprise >2% by weight to
=20% by weight, especially =5% by weight to =10% by
weight, of ethers.

[0016] Alternatively or additionally, however, at least one
cther may also be used as additive.

[0017] In the context of a further embodiment, therefore,
the electrolyte, based on the total weight of the carbonates and
cthers, for example based on the total weight of solvent,
comprises 0.5% by weight to 2% by weight of ethers.

[0018] Based on the total weight of the carbonates and
cthers, for example based on the total weight of solvent, the
clectrolyte may comprise, for example, =15% by weight to
=40% by weight, especially =220% by weight to =35% by
weight, for example 225% by weight to =30% by weight, of
cyclic carbonates and/or 250% by weight to =80% by weight,
especially 255% by weight to =75% by weight, for example
=61% by weight to <70% by weight, of acyclic carbonates.

[0019] An electrolyte which—based on the total weight of
the carbonates and ethers, for example based on the total
welght of solvent—comprises =15% by weight to =40% by
weight, especially 220% by weight to <35% by weight, for
example =25% by weight to =30% by weight, of cyclic car-
bonates, =50% by weight to =80% by weight, especially
=55% by weight to =75% by weight, for example =60% by
weight to =70% by weight, of acyclic carbonates and =0.1%
by weight to =20% by weight, especially =5% by weight to
=10% by weight and/or =0.5% by weight to <2% by weight,
of ethers has been found to be particularly advantageous 1n
terms of the lithium 1on solvation or coordination properties,
viscosity and wetting. For example, it has been found to be
advantageous when the electrolyte, based on the total weight
of the carbonates and ethers, for example based on the total
welght of solvent, comprises about 25% by weight of cyclic
carbonates, for example ethylene carbonate (EC), about 70%
by weight of acyclic carbonates and about 5% by weight of
cthers, or about 25% by weight of cyclic carbonates, for
example ethylene carbonate (EC), about 65% by weight of
acyclic carbonates and about 10% by weight of ethers, or
about 30% by weight of cyclic carbonates, for example eth-
ylene carbonate (EC), about 60% by weight of acyclic car-
bonates and about 10% by weight of ethers.

[0020] In the context of a further embodiment, the electro-
lyte further comprises at least one conductive lithium salt.

[0021] More particularly, the electrolyte may comprise
lithium hexafluorophosphate (LiPF ).

[0022] In the context of a further embodiment, the at least
one ecther 1s selected from the group of the (mono)ethers,
especially symmetric and/or asymmetric (mono)ethers, the
(oligo)ethers, especially symmetric and/or asymmetric (oli-
g0 )ethers, and mixtures thereof. An oligoether may especially
be understood to mean any ether having at least two to twenty
cther oxygen atoms. For example, an oligoether may have a
repeat ether unit repeating, for example, 2 to 10 times.
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[0023] Inthe context of a specific embodiment, the electro-
lyte comprises at least one (mono)ether, especially symmetric
and/or asymmetric (mono)ether, and/or at least one (oligo)
cther, especially symmetric and/or asymmetric (oligo)ether,
comprising at least one carboxylic acid group and/or car-
boxylic ester group and/or hydroxyl group and/or thiol group
and/or halogen atom, especially fluorine atom, and/or steri-
cally demanding group. More particularly, the (mono)ether or
(oligo)ether may have at least two groups of this kind, 1n
which case the groups may either be different from one
another or the same.

[0024] A sterically demanding group may especially be
understood to mean a group having a tertiary, quaternary,
alkenylic (C—C double bond) or aromatic carbon atom, for
example a branched or cyclic alkyl group or alkenyl group or
an aryl group or a heteroaryl group.

[0025] More particularly, the (mono)ether or (oligo)ether
may have at least two 1dentical groups from those mentioned
above. For example, the (mono)ether or (oligo)ether may
have at least two carboxylic acid groups and/or at least two
carboxylic ester groups and/or at least two hydroxyl groups
and/or at least two thiol groups and/or at least two halogen
atoms, especially fluorine atoms, and/or at least two sterically
demanding groups.

[0026] Polar groups such as carboxylic acid groups, car-
boxylic ester groups, hydroxyl groups, thiol groups and halo-
gen atoms, for example —CO,M, —F, —Cl, —OH, —SH,
can advantageously increase the polarity of the ether and
hence improve the lithium solvation or coordination propen-
sity thereof. For instance, 1t 1s advantageously possible to
reduce the proportion of cyclic carbonates or increase the
clectrolyte conductivity.

[0027] Sterically demanding groups, for example tert-bu-
tyl, can advantageously reduce the viscosity of the ether. For
instance, the wetting can advantageously be improved and/or
the electrolyte filling operation accelerated.

[0028] Inthe context of a specific embodiment, the electro-
lyte comprises at least one (oligo)ether of the general chemi-
cal formula (1):

Rl lRIERl BC_(CR14R1 S)xl [O (CRBIRBE)a_
(CR33R34) E:-] & O {CR24R2 5)x2_C RE IREEREB

and/or at least one (mono )ether of the general chemical for-
mula (2):

R 41 RpoR43C—(CRy 4R 5 1 O—(CRs R 55 2T
CRs5;R5:R53

[0029] More particularly, the at least one ether may be an
(oligo)ether of the general chemical formula (1) and/or a
(mono )ether of the general chemical formula (2).

[0030] In the general chemical formula (1):

Rl lRIERl BC_(CRlde S)xl [O (CRBIRSE)a_
(CRE-B R34) E:r] c_O_(CRErilRE 5);::2_C R2 1R22R23

[0031] 1=c=10, for example 1=c=<5, especially 1=c=<2 or
<3, l=a<5, for example 1=a<2 and O=b=5, for example
1=b=5, especially 1=b=2, where X, and x, are each indepen-
dently a number <0 and =5, for example =0 and =1 and =3 or
<2.

[0032] R,, here 1s a carboxylic acid group (—CO,H) or a
carboxylic ester group, for example —CO,CH, or
—CO,C,H;, or a hydroxyl group (—OH) or a thiol group
(—SH) or a halogen atom, such as —F, —Cl1, —Br, —I, for

example —F or —Cl, or a branched or cyclic alkyl group, for
example —CH(CH,),, —CH(CH,)(C.,H,), —CH,—CH
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(CH;),, —C(CHj)s, —C6H, ), —CF(CE;),, —CE(CE;)
(C,F,), —CF,—CF(CF,),, —C(CF;);or—C/F,,, or an alk-
enyl group, especially a substituted or cyclic alkenyl group,
for example a trans-substituted or cis-substituted or fully
substituted C—C double bond unit, or an alkoxy group, espe-
cially a branched or cyclic alkoxy group, for example

O-—CH, —O CH, —O-n-CJH, —O-n-C,H,
O CH(CH,),, — O CH(CH,)(C,H.), — O CH,—
CH(CH,),, — O C(CH,),, —O CH,,, —O CF,,
O C,F., —0O-n-CiF,, —O-n-C,F,, — O CF(CF,)..
O CF(CF,)(C,F,), —OCF, CF(CF,),, —O0 C

(CF;), or—O—CF,,, or an aryl group, for example —C H-
or —C.F., or a heteroaryl group, or an aryloxy group, for
example —O—C_H, or —O—C_/F., or a heteroaryloxy
group, where R, , and R, ; are each independently hydrogen or
a carboxylic acid group or a carboxvylic ester group or a
halogen atom or an alkyl group or an alkenyl group or an
alkoxy group or an aryl group or a heteroaryl group or an
aryloxy group or a heteroaryloxy group, for example —H,
—CO,H, —CO,CH,, —CO,C,H,, —F, —Cl, —Br, —1,
—CH,, —C,H,, -n-C,H,, -n-C,H,, —CH(CH,),, —CH
(CH;)(C,Hs), —CH,—CH(CH;),, —C(CH;);, —C6H, ),

—(:"/Fzsgj 'n'C3F73 'H'C4F9: (CF3)2! 4CF(CF3)(C3F5)!
—CF24CF(CF3)2: 4C(CF3)3: —CGFI 13 O CHB!
O C‘/ZI_I5,J 40'11'C3H73 —O'H'C4H9: O CH(CH3)2:

O—CH(CH,)(C,H,), —O—CH,—CH(CH,),, —O—C

(CH,),,—0O0—CH,,,—O—CF,,—0—C,F,,—0O-n-C,F-,
O-n-C,F,, O—CF(CF,),. O—CF(CF;3)(C,Fs),
O—CF,—CF(CF,),, O—C(CF;)s, O—C4F .

—C.H,, —C.F., O—CH, or O—C.F,, or

—CR,,R,,R,; 1s a branched alkyl group, for example —CH
(CH3),, —CH(CH;)(C,Hs), —CH,—CH(CH;),, —C(CH,)
., —CF(CF;),, —CF(CF;)}(C,F;), —CF,—CF(CF;), or
—C(CF;),, or a cyclic alkyl group, for example —C.H, ,; or
—C.F,,, or an alkenyl group, especially a substituted or
cyclic alkenyl group, for example a trans-substituted or cis-
substituted or fully substituted C—C double bond unit, or an
aryl group, for example —C_H. or —CF., or a heteroaryl

group.

[0033] R,,,R,,,R,; hereare each independently hydrogen
or a carboxylic acid group or a carboxylic ester group or a
halogen atom or an alkyl group or an alkenyl group or an
alkoxy group or an aryl group or a heteroaryl group or an
aryloxy group or a heteroaryloxy group, for example —H,
—CO,H, —CO,CH,, —CO,C,H,, —F, —Cl, —Br, —I,
—CH,, —C,H,, -n-C H,, -n-C,H,, —CH(CH,),, —CH
(CH;3)(C,Hs), —CH,—CH(CH;),, —C(CH3);, —C6H,,
—CF,, —C,F., -n-C;F-, -n-C,F,, —CF(CF,),, —CF(CF;)

(Cols),  —CF,—CE(CE;),,  —C(CF);, —Celyy,
O—CH,, —O—C,H;, —O-n-C;H,, —O-n-C,H,,
O—CH(CH,),, —O—CH(CH,)(C,H,), —O—CH,—

CH(CH;),, —O—C(CH;);, —O—CgH,;,, —O—CF;,
O—C,F;, —O-n-C;F,, —O-n-C,F;, —O—CF(CF,).,
O—CF(CF,)(C,Fs), —O—CF,—CF(CF;),, —O—C

(CF;);, —O—CgF,,, —CsHs, —CgFs, —O—CiHs or

O—C/F., or—CR,,R,,R,; 1s a branched alkyl group, for
example —CH(CH,),, —CH(CH;)(C,Hs), —CH,—CH
(CH,),, —C(CH,),, —CF(CF,),, —CF(CF,)C,F,),
—CF,—CF(CF;), or —C(CF;),, or a cyclic alkyl group, for
example—C_ H,, or—C_F,, oran alkenyl group, especially
a substituted or cyclic alkenyl group, for example a trans-
substituted or cis-substituted or fully substituted C—C
double bond unit, or an aryl group, for example —CH- or
—C.F, or a heteroaryl group.
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[0034] R, R,.,R;,,R;,, Ry5, Ri., R, R, 5 here are each
independently hydrogen or a carboxylic acid group or a car-
boxylic ester group or a halogen atom or an alkyl group or an
alkenyl group or an alkoxy group or an aryl group or a het-
eroaryl group or an aryloxy group or a heteroaryloxy group,
tor example —H, —CO,H, —CO,CH,, —CO,C,H., —F,
—(Cl, —Br, —I, —CH;, —C,H<, -n-C ;H,, -n-C ,H,, —CH
(CH;),, —CH(CH;)(C,Hs), —CH,—CH(CHj;),, —C(CHj;)
., —CH,,, —CF,, —C,F., -n-C,F,, -n-C,F,, —CF(CF,),,
—CF(CE;)(CoFs), —CF,—CE(CL,),, —C(CE;)5, —Cl ).

O CH, O CH, —OnCH, —O-nCH,
O CH(CH,),, — O CH(CH,)(C,H,), — O CH,
CH(CH,),, — O C(CH,),, — O CH,, —O CF,,
O C,F., —0-n-C;F,, —O-n-C,F,, — O CF(CF,)..

O—CF(CF;)(C,Fs), O—CF,—CF(CF;),, —0O—C
(CF,),, —O—CF,,, —CH,, —CJF.,, —O—CH. or
O—C/F-.
[0035] The viscosity of ethers of this kind 1s dependent on

the structure thereof, but may advantageously especially be
below 1.9 mPa*s, for example within a range from about =0.3
mPa*s to =0.6 mPa*s.

[0036] More particularly, R,, may be a carboxylic acid
group or a carboxylic ester group or a hydroxyl group or a
thiol group or a halogen atom or a branched or cyclic alkyl
group or an alkenyl group, especially a substituted or cyclic
alkenyl group, or an aryl group, and R,, and R,; may each
independently be hydrogen or a carboxylic acid group or a
carboxylic ester group or a halogen atom or an alkyl group or
an alkenyl group or an aryl group, or —CR, ,R,,R,; may be
a branched alkyl group or a cyclic alkyl group or an alkenyl
group, especially a substituted or cyclic alkenyl group, or an
aryl group.
[0037] In the context of one embodiment, 1n the general
formula (1), R,, s —CO,H, —CO,CH,, —CO,C,H.,
—O0OH, —SH, —F, —CH(CH,),, —CH(CH;){C,H;),
—CH,—CH(CH;),, —C(CH;);, —C¢H,,, —CF(CL;)..
—CF(CE;)(CoFs), —CF,—CE(CE,),, —C(CE;)5, —Cl ).
H: or —C/JF., especially —CO,H, —CO,CH,,
—CO,C,H,, OH or —SH, {for example —CO,M,
—CO,CH,, —CO,C,H, or —CR,,R,,R, ; 1s —CH(CH,),,
—CH(CH;)(C,Hy), —CH,—CH(CH,),, —C(CH;);, —CF
(CF3),, —CF(CEF3)(CoFs), —CF,—CFE(CE;),, —C(CF3)s,
—C.H,,, —C/F,,, —C.H, or —C_F., especially —CH

(CH;)., —CH,—CH(CH,)s. —CH(CH;)(C,Hsy),
—C(CH,), or —C_H..
[0038] As already celucidated, polar groups such as

—CO,H, —CO,CH,, —CO,C,H,, —OH, —SH, —F can
improve the lithium solvation or coordination propensity, and
sterically demanding groups such as —CH(CH,),, —CH
(CH,)(C,H;), —CH,—CH(CH,),, —C(CH,), and such as
cyclic alkyl groups, for example —C/F,, or —C_H., or
branched or cyclic alkenyl groups, can reduce the viscosity.
These properties can advantageously also be improved by

groups which are sterically demanding and polar 1n equal
measure, such as —CF(CF,),, —CF(CF)(C,F;), —CF,—

CF(CF;),, —C(CF;),, —CF,;, or —C/F-.

[0039] In the context of a further embodiment, 1n the gen-
eral chemical formula (1), R,, 1s a carboxylic acid group
(—CO,H) or a carboxylic ester group, for example
—CO,CH, or —CO,C,Hx, or a hydroxyl group (—OH) ora
thiol group (—SH) or a halogen atom, such as —F, —Cl,
—Br, —I, for example —F or —Cl, or a branched or cyclic
alkyl group, for example —CH(CH,),, —CH(CH,)(C,H.),
—CH,—CH(CH;),, —C(CH,;);, —CH,;, —CEF(CE)..
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—CF(CF;)(C,Fs), —CF,—CF(CFy),, —C(CF;); or
—C.F,,, or an alkenyl group, especially a substituted or
cyclic alkenyl group, for example a trans-substituted or cis-
substituted or fully substituted C—C double bond unit, or an
alkoxy group, especially a branched or cyclic alkoxy group,
tor example —O—CH,, —O—C,H,, —O-n-C,H,, —O-n-
C,Ho, O—CH(CH,)-, O—CH(CH;)(C,Hx),

O—CH,—CH(CH;),, O—C(CH;);,, —O—C.H,,,

O—CF,, O—C,F,, —O-n-C,F,, —O-n-C,F,,

O—CF(CF;),, —O—CF(CF;)(C,F;), —O—CF,—CF
(CF,),, —O—C(CF,), or —O—C,F,,, or an aryl group, for
example —C.H. or —C.F., or a heteroaryl group, or an
aryloxy group, for example —O—C_H. or —O—C_.F., or a
heteroaryloxy group, and R, and R, ; are each independently
hydrogen or a carboxylic acid group or a carboxylic ester
group or a halogen atom or an alkyl group or an alkenyl group
or an alkoxy group or an aryl group or a heteroaryl group or an
aryloxy group or a heteroaryloxy group, for example —H,
—CO,H, —CO,CH,, —CO,C,H,, —F, —Cl, —Br, —I,
—CH,, —C,H;, -n-C;H,, -n-C,H,, —CH(CH,),, —CH
(CH;3)(C,Hs), —CH,—CH(CH;),, —C(CH;);, —C6H,y ),
—CF,, —C,F;, n-CiF,, -n-CF,, —CF(CF;),, —CF(CF;)

(CZFS)! 4CF24C:(CF3)2! 4C(CF3)3! 4C6Fll!
O—CH,;, —O—C,H;, —O-n-C;H,, —O-n-C,H,,
O—CH(CH,),, —O—CH(CH;)(C,Hy), —O—CH,—

CH(CH;),, —O—C(CH;);, —O—CsH,;,, —O—CF;,
O—C,Fs5, —0-n-C5F,, —O-n-C,F5, —O—CF(CF5),,
O—CF(CF5)(C,Fs5), —O—CF,—CF(CF;),, —O0—C

(CF,);, —O—C4F,;, —CgHs, —CgFs, —O—CgH; or

O—C.F., or—CR,,R,,R,; 1s a branched alkyl group, for
example —CH(CH,),, —CH(CH,)(C,H;), —CH,—CH
(CH;),,  —C(CHy);,  —CF(CEy),,  —CF(CE;)(C,Ey),
—CF,—CF(CF;), or —C(CF;),, or a cyclic alkyl group, for
example —C H, , or—CF,,, or an alkenyl group, especially
a substituted or cyclic alkenyl group, for example a trans-
substituted or cis-substituted or fully substituted C—C
double bond unit, or an aryl group, for example —C_H. or
—C.F <, or a heteroaryl group.

[0040] Itisthusadvantageously possible to further improve
the lithium solvation or coordination propensity and/or fur-
ther reduce the viscosity.

[0041] More particularly, R,, may be a carboxylic acid
group or a carboxylic ester group or a hydroxyl group or a
thiol group or a halogen atom or a branched or cyclic alkyl
group or an alkenyl group, especially a substituted or cyclic
alkenyl group, or an aryl group, and R, and R, may each
independently be hydrogen or a carboxylic acid group or a
carboxylic ester group or a halogen atom or an alkyl group or
an alkenyl group or an aryl group, or —CR,,R,,R,, may be
a branched alkyl group or a cyclic alkyl group or an alkenyl
group, especially a substituted or cyclic alkenyl group, or an
aryl group.

[0042] Inprnnciple, R,, maybeidentical to or different than
R,,, and —CR,,R,,R,; may be identical to or different than
—CR 1 R5R 5

[0043] In the context of a further embodiment, in the gen-

eral chemical formula (1), however, R,, 1s1dentical to R, , or
—CR,,R,,R,; 1s 1dentical to —CR, R, ;R 4

[0044] In the context of a further embodiment, in the gen-
eral chemical formula (1), R,, and/or R, and/or R, and/or
R, ., and/or R,, and/or R, 1s/are an alkyl group, by way of
example —CH,, —C,H., -n-C,H-, -n-C,H,, —CH(CH,).,
—CH(CH;)(C,Hs),  —CH,—CH(CH;),,  —C(CH;)s,
—CH,,, —CF;, —C,F., -n-C;F,, -n-CF,, —CF(CF;),,
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—CF(CF;)}(C,Fs), —CF,—CF(CF;),, —C(CF;); or
—C.F,,, for example —CH, or —C,H.. In this way, it 1s
advantageously possible to mtroduce sterically demanding
groups 1nto the structure of the (oligo)ether, in order to reduce
the viscosity.

[0045] R,, and/or R,, and/or R,; and/or R, and/or R,,
and/or R, here may especially be hydrogen or likewise an
alkyl group, by way of example —H, —CH,, —C,H.,
-n-CH;,  -n-CH,, —CH(CH;),, —CH(CH;)(C,Hs),
—CH,—CH(CH;),, —C(CH;);, —C¢H,,, —CF;, —C,ks,
-n-C,F,, -n-C,F,, —CF(CF,),, —CF(CF;)(C,F,), —CF,—
CF(CF;),,—C(CF;3);or—C.F,,, forexample —H or—CH,
or —C,H.. Alkyl groups can advantageously further increase
the steric demands of the structure of the (oligo)ether and
especially further reduce the viscosity.

[0046] In the context of one configuration, R, and/or R,
and/or R, and/or R, and/or R,; and/or R,., however, are
hydrogen (—H). Since one alkyl substituent per carbon atom,
which may already be provided, for example, as R, and/or
R, and/or R, and/or R,, and/or R,, and/or R,,, may be
suificient 1n some cases for attainment of a suitable viscosity,
the second substituent can optionally be simply maintained
and be hydrogen.

[0047] Examples of symmetric (oligo)ethers of the general
formula (1) are:

e P N N
e NP e s
Coghb/o\/\o/\/COOMe
CogH\/O\/\O/\/COOH
NN TN N

A A W

SN
*/O\/\O/Y >r0\/\o><

O O COOH
coﬁﬂ\o/\/ \/\O/\/ N

Y

CO&I\OJ\/ \I/‘\ 5 \I/\OH
O J\/o COOH

coﬁﬂ\o/l\/ W/\O N

OHW/\O*/OW/\OJ\/O\]/\OH

[0048] By way of example of the numerous symmetric
(oligo)-ethers of the general formula (1) which may be based
on a combination of the structural elements shown in the

preceding examples, especially having two different terminal
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substituents among those shown above, the following asym-
metric (oligo)ether of the general formula (1) 1s shown:

Y

[0049] In the general chemical formula (2):
R4lR42R43C_(CR44R45)y1_O_(CR54R55)_}: -
CRSIRSERSS
[0050] v, and y, are each independently a number =0 and

<35, for example =0 or =1 and <3 and =2.

[0051] R, here is a carboxylic acid group (—CO,M) or a
carboxylic ester group, for example —CO,CH,; or
—CO,C,Hg, or a hydroxyl group (—OH) or a thiol group
(—SH) or a halogen atom, such as —F, —CIl, —Br, —I, for
example —F or —Cl, or a branched or cyclic alkyl group, for
example —CH(CH,),, —CH(CH;)(C,H;), —CH,—CH
(CHj),. —C(CH;)5, —C6H,,, (CF3),, —CE(CE;)(CEs),
—CF,—CF(CF,),, —C(CF,), or —C.F,,, or an alkenyl
group, especially a substituted or cyclic alkenyl group, for
example a trans-substituted or cis-substituted or fully substi-
tuted C—C double bond unait, or an alkoxy group, especially
a branched or cyclic alkoxy group, for example —O—CH,,
O—C,H,, —O-n-C;H,, —O-n-C,H,, —O—CH(CH,),,
O—CH(CH,)(C,H;), —O—CH,—CH(CH,),, —O—C
(CH,),,—0O—CH,,,—0O0—CF,,—0O0—C,F,,—0O-n-C,F,,
O-n-C,F,, —O—CF(CF;),, —O—CF(CF3;)(C,F;)—O
CF,—CF(CF,),, —O—C(CF,); or —O—C_.F,,, or an aryl
group, for example —C H. or —C.F ., or a heteroaryl group,
or an aryloxy group, for example —O—C _H. or—O—C_F.,
or a heteroaryloxy group, where R, and R, are each inde-
pendently hydrogen or a carboxylic acid group or a carboxy-
lic ester group or a halogen atom or an alkyl group or an
alkenyl group or an alkoxy group or an aryl group or a het-
eroaryl group or an aryloxy group or a heteroaryloxy group,
tor example —H, —CO,M, —CO,CH,, —CO,C,H., —F,
—Cl, —Br, —I, —CH,, —C,H., -n-C;H-, -n-C H,, —CH
(CH,),, —CH(CH; )(C,Hs), —CH,—CH(CH,;),, —C(CH,)
., —CH,,, —CF,;, —C,F., -n-C,F,, -n-C F,, —CF(CF,),,
—CF(CF;)(C,oFs), —CF,—CE(CFEy),, —C(CF5)5, —Cgl

O CH, —O C,H., —On-CH, —O-nC,H,
O CH(CH,),, — O CH(CH,)C,H,)—O—CH, CH
(CH;),, O—C(CH,3)s, O—CgH, ;. O—CFs,
O C,F., —0O-n-C;F,, —O-n-C,F,, — O CF(CF,),,
O—CF(CF,)(C,F,), —O—CF,—CF(CF,),, —O—C
(CF,),, —O—CF,,, —CH., —CJF., —O—CH. or

O—C.F.,or—CR,,R,,R,; 1s a branched alkyl group, for
example —CH(CH,),, —CH(CH;)(C,Hs), —CH,—CH
(CH;),,  —C(CHj);, —CEF(CE;),,  —CF(CE;)(CoFs),
—CF,—CF(CF;), or —C(CF;),, or a cyclic alkyl group, for
example —C H, , or—CF,,, or an alkenyl group, especially
a substituted or cyclic alkenyl group, for example a trans-
substituted or cis-substituted or fully substituted C—C
double bond unit, or an aryl group, for example —O—C Hx
or —O—C,F., or a heteroaryl group.

[0052] R;,, R, R;;hereare each independently hydrogen
or a carboxylic acid group or a carboxylic ester group or a
halogen atom or an alkyl group or an alkenyl group or an
alkoxy group or an aryl group or a heteroaryl group or an
aryloxy group or a heteroaryloxy group, for example —H,

~ CO,H, —CO,CH,, —CO,C,H., —F, —Cl, —Br, 1,
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—CH;, —C,Hs, -n-C;H,, -n-C,H,, —CH(CH;),, —CH
(CH3)(C,Hs). —CH,—CH(CH;),, —C(CH;);5, —CoH,y
4CF3: 4CEF5: 'H'CS:FT: 'H'C4F9: 4CF(CF3)2: 4CF(CF3)

(C,Fs), —CF,—CF(CF5)s, —C(CF5)s, —Csl 4,
O CH, —O CH, —OnCH, —O-n-C,H,,
O CH(CH,),, — O CH(CH,)(C,H,), —O CH,

CH(CH,),, — O C(CH,);, —O CH,,, —O CF,,
O C,F., —0O-n-C;F,, —O-n-C,F,, — O CF(CF,)..
O—CF(CF.)(C,F,), —O—CF,—CF(CF,),, —O—C

(CF,);, —O—CJF,,, —CH., —CJF., —O CH. or

O—C.F., or—CR;,R.,R.; 1s a branched alkyl group, for
example —CH(CH,),, —CH(CH;)(C,Hs), —CH,—CH
(CH,),, —C(CH,),, —CF(CF,),, —CF(CF,)(C,F,),
—CF,—CF(CF;), or —C(CF;),, or a cyclic alkyl group, for
example —C H, , or—CF,,, or an alkenyl group, especially
a substituted or cyclic alkenyl group, for example a trans-
substituted or cis-substituted or fully substituted C—C
double bond unit, or an aryl group, for example —O—C H.
or —O—C,F., or a heteroaryl group.

[0053] R, R.., R., and R;; here are each independently
hydrogen or a carboxylic acid group or a carboxylic ester
group or a halogen atom or an alkyl group or an alkenyl group
or an alkoxy group or an arvl group or a heteroaryl group or an
aryloxy group or a heteroaryloxy group, for example —H,
—CO,H, —CO,CH,, —CO,C,H., —F, —Cl, —Br, —I,
—CH,, —C,H,, n-C,H,, -n-C,H,, —CH(CH,),, —CH
(CH;)(C,Hs), —CH,—CH(CHj;),, —C(CHj)5, —CgH,
—CF,, —C,F,, -n-C,F,, -n-C,F,, —CF(CF,),, —CF(CF;)

(CFs),  —CF,—CE(CF;),,  —C(CF;);,  —Cgl
Oo—CH,, —0O—-CH, —O0OnCH, —0O-n-CH,,
O—CH(CH,),, O—CH(CH,)(C,Hs), O—CH,—

CH(CH,),. O—C(CH,),, O—CH,,, —0O—CF,,
O—C,F,, —O-n-C,F,, —O-n-C,F,, —O—CF(CF,),,
O—CF(CF;)(C,FE»), O—CF,—CF(CF;),, —0O—C

(CF,),, —O—C.F,,, —CH,, —CJF.,, —O—CH, or
O—C/F-.

[0054] The viscosity of ethers of this kind 1s dependent on

the structure thereof, but may advantageously especially be
below 1.9 mPa*s, for example within a range from about =0.3
mPa*s to =0.6 mPa*s.

[0055] More particularly, R,, may be a carboxylic acid
group or a carboxylic ester group or a hydroxyl group or a
thiol group or a halogen atom or a branched or cyclic alkyl
group or an alkenyl group, especially a substituted or cyclic
alkenyl group, or an aryl group, and R, and/or R, ; may each
independently be hydrogen or a carboxylic acid group or a
carboxylic ester group or a halogen atom or an alkyl group or
an alkenyl group or an aryl group, or —CR_,R,,R; may be
a branched alkyl group or a cyclic alkyl group or an alkenyl
group, especially a substituted or cyclic alkenyl group, or an
aryl group.

[0056] In the context of one embodiment, in the general
chemical formula (2), R,, 18 —CO,H, —CO,CH,,
—CO,C,H,, —OH, —SH, —F, —CH(CH;),, —CH{CH;)
(C.Hs), —CH,—CH(CH,),, —C(CH;);, —CcH,,, —CF
(CF3),, —CF(CEF3)(CoFs), —CF,—CFE(CE;),, —C(CFE3)s,
—C.F,,, —CH. or —C/F., especially —CO,H,
—CO,CH,, —(CO,C,H,, —OH, —SH, —F, —C./H,,,
—C.F,,, —CH. or —C./F., for example —CO,H,
—CO,CH,, —CO,C,H,, OH or —SH, for example
—CO,H, —CO,CH,, —CO,C,H; or —SH, or
—CR4R4R4; 15 —CH(CH3),,  —CH(CH;)(C,Hs),
—CH,—CH(CH,),, —C(CH,),, —CF(CF,),, —CF(CF;)
(CFs), —CEF,—CF(CE;),, —C(Cl3)5, —CoHy . —Col
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—C.H; or —C/F., especially —CH(CH,),, —CH,—CH
(CH;),, —CH(CH;)(C,Hs), —C(CH;); or —C Hs, for

[0057] As already elucidated, polar groups such as
—CO,H, —CO,CH,, —CO,C,H,, —OH, —SH, —F can
improve the lithium solvation or coordination propensity, and
sterically demanding groups such as —CH(CH,),, —CH
(CH,)(C,H;), —CH,—CH(CH,),, —C(CH,), and such as
cyclic alkyl groups, for example —C.F,, or —C.H., or
branched or cyclic alkenyl groups, can reduce the viscosity.
These properties can advantageously also be improved by
groups which are sterically demanding and polar 1n equal
measure, such as —CF(CF,),, —CF(CF;)(C,F;), —CF,—
CF(CF;),, —C(CF;);, —CF,, or —C.F..

[0058] In the context of a further embodiment, 1n the gen-
eral chemical formula (2), R, 1s a carboxylic acid group
(—CO,H) or a carboxvlic ester group, for example
—CO,CH; or —CO,C,Hx, or a hydroxyl group (—OH)ora
thiol group (—SH) or a halogen atom, such as —F, —Cl,
—Br, —I, for example —F or —Cl, or a branched or cyclic
alkyl group, for example —CH(CH,),, —CH(CH,)(C,H.),
—CH,—CH(CH,),. —C(CH,),, —CH,,, —CF(CF,),,
—CF(CF ) )(C,Fy), —CF,—CF(CF;),, —C(CF;); or
—C.F,,, or an alkenyl group, especially a substituted or
cyclic alkenyl group, for example a trans-substituted or cis-
substituted or fully substituted C—C double bond unit, or an
alkoxy group, especially a branched or cyclic alkoxy group,
for example —O—CH,, —O—C,H., —O-n-C,H,, —O-n-
C,H,, O—CH(CH,),, O CH(C H)(C,H,),

O—CH,—CH(CH;),, O—C(CH;);,, —0O—CH,,,

O—CF;, O—C,F,, —O-n-C;F,, —O-n- C 4Fo,

O—CF(CF;),, —O—CF(CF)(C,F;), —O—CF,—CF
(CF;),, —O—C(CF;), or —O—C_F,,, or an aryl group, for
example —C_H. or —C_F., or a heteroaryl group, or an
aryloxy group, for example —O—CH. or —O—C_.F., or a
heteroaryloxy group, and R, and R, are each independently
hydrogen or a carboxylic acid group or a carboxylic ester
group or a halogen atom or an alkyl group or an alkenyl group
or an alkoxy group or an aryl group or a heteroaryl group or an
aryloxy group or a heteroaryloxy group, for example —H,
—CO,H, —CO,CH,, —CO,C,H,, —F, —Cl, —Br, —1,
—CH3,, —C,H;, -n-C;H-, -n—C Hs, —CH(CH,),, —CH
(CH,)(C,Hy), —CH,—CH(CH,),, —C(CH,),, —CH,,
—CF;, —C,F., -n-C;F-, -n-C, F,, —CF(CF;),, —CF(CF;)

(Cols), 43F243F(CF3)25 —C(CFy)s, —Cglyy,
O—CH,, O—C,H,, —O-n-C,H,, —O-n-C,H,,
O—CH(CH;),, O—CH(CH;)(C,H;), —O—CH,—

CH(CH,)., O—C(CH,);, O—C.H,,, O—CF,,
O—C,F,, —O-n-C;F,, —O-n-C,F,, —O—CF(CF;),,
O—CF(CF,)(C,F,), —O—CF,—CF(CF,),, O—C

(CF;),, —O—CF,,, —CH,, —C,JF., —O—CH. or
O—CF., or—CR;,R;,R; 1s a branched alkyl group, for

example —CH(CH,),, —CH(CH,)(C,H,), —CH,—CH
(CH;),,  —C(CH;);,  —CF(CF;),,  —CE(CE;)(Cls),
—CF,—CF(CF;), or —C(CF,),, or a cyclic alkyl group, tor
example —C H, , or—CF,,, or an alkenyl group, especially
a substituted or cyclic alkenyl group, for example a trans-
substituted or cis-substituted or fully substituted C—C
double bond unit, or an aryl group, for example —CH- or
—CF ., or a heteroaryl group.

[0059] Itisthusadvantageously possible to further improve
the lithium solvation or coordination propensity and/or fur-
ther reduce the viscosity.
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[0060] More particularly, R, may be a carboxylic acid
group or a carboxylic ester group or a hydroxyl group or a
thiol group or a halogen atom or a branched or cyclic alkyl
group or an alkenyl group, especially a substituted or cyclic
alkenyl group, or an aryl group, and R, and R.; may each
independently be hydrogen or a carboxylic acid group or a
carboxylic ester group or a halogen atom or an alkyl group or
an alkenyl group or an aryl group, or —CR.;R.,R.; may be
a branched alkyl group or a cyclic alkyl group or an alkenyl
group, especially a substituted or cyclic alkenyl group, or an
aryl group.

[0061] Inprnnciple, R, maybeidentical to or different than
R,,, and —CR.,R.,R.; may be 1dentical to or different than
—CR4 1R 5R 45

[0062] In the context of a further embodiment, 1n the gen-
eral chemical formula (2), however, R, 1s 1dentical to R, or

—CR;R.,R.; 1s 1dentical to —CR ;R ;R 4

[0063] In the context of a further embodiment, 1n the gen-
eral chemical formula (2), R, and/or R, and/or R, and/or
R ., 1s/are an alkyl group, by way of example —CH,, —C,H.,
-n-C,H,, -n-C,H,, —CH(CH,),, —CH(CH,)(C,H,),
—CH,—CH(CHy;),, —C(CH;)5, —CcH, |, —CF;5, —Coks,
-n-C,F,, -n-C,F,, —CF(CF,),, —CF(CF;)(C,F,), —CF,—
CF(CF,),, —C(CF;), or —C.F,,, for example —CH, or
—C,Hx. In this way, 1t 1s advantageously possible to intro-
duce sterically demanding groups into the structure of the
(mono)ether, in order to reduce the viscosity.

[0064] R.,and/orR_.and/orR.,and/orR.. here may espe-
cially be hydrogen or likewise an alkyl group, by way of
example —H, —CH,, —C,H,, -n-C,H,, -n-C,H,, —CH
(CH;),, —CH(CH;)(C,H;), —CH,—CH(CHj;),, —C(CH;)
., —CgH,,, —CF,, —C,F., -n-C,F,, -n-C F,, —CF(CF,),,
—CF(CF)(C,F;), —CF,—CF(CF,),, —C(CF,), or
—C.F,,, for example —H or —CH; or —C,H.. Alkyl
groups can advantageously further increase the steric
demands of the structure of the (mono)ether and especially
further reduce the viscosity.

[0065] In the context of one configuration, R, ; and/or R, <
and/or R, and/or R are hydrogen (—H). Since one alkyl
substituent per carbon atom, which may already be provided,
for example, as R, and/or R, and/or R, and/or R, may be
suificient 1n some cases for attainment of a suitable viscosity,
the second substituent can optionally be simply maintained
and be hydrogen.

Examples of Symmetric (Mono)Ethers of the General
Formula (2) are:

10066]

Ol 0 OH
OH___ O\ __OH \r \r
SH 0 SH
SH___O__SH \r Y
COOH _O COOH

COOH_ O\ __COOH \]/ \r
P
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-continued

Y
O O/\/OH OH\/I\ J\/OH
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COOH COOH
N N NS COQ}J\
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SO J\r\ ~ A

I »\g J\et
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N
Y A

Ty

N

COOH

Ph\ /Ph

[0067] By way of example of the numerous a symmetric
(mono)-ethers of the general formula (2) which may be based
on a combination of the structural elements shown 1in the
preceding examples, especially having two different terminal
substituents among those shown above, the following asym-
metric (mono)ethers of the general formula (2) are shown:
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O
O
“\Tffﬂﬂx,/’\aoxf“xT(f AN
SH\/\ N
O SH

[0068] With regard to turther technical features and advan-
tages of the electrolyte of the imvention, reference 1s hereby
made explicitly to the elucidations 1n connection with the
clectrolyte solvent of the invention, the electrolyte additive of
the invention, the ethers of the invention, the uses of the
invention, the lithium cell or battery of the invention, and to
the figures and the description of the figures.

[0069] The present mvention further provides an electro-
lyte solvent or an electrolyte additive, especially for a lithium
cell/battery, comprising at least one (oligo)ether of the gen-
eral chemical formula (1);: R;;R;,R;;C—(CR,,R,5),,—
[O—(CR31R55),—(CR33R3,), ] —O—(CR,4R55),—
CR,;R,,R,; and/or at least one (mono )ether of the general
chemical formula (2): R, R,R,C—(CRR,5),—0—
(CR54R55),,—CR5,R5,R55, or an (oligo)ether of the general
chemical formula (1): R,,R,,R;;C—(CR,,R,:) ,—]O—
(CR31R35),—(CR33R34)5] o —O—(CR4R55)0 CR5R5,R,;
and/or one (mono) ether of the general chemical formula (2):
R41R4:R4:C—(CR 4R 4 1O (CRs4Rs5 12
CR;,R;,R;, and also (oligo)ethers of the general chemical
formula (1): R;;R,RCCR R, 5),[O—(CR5R;,),—
(CR33R34)5]c—O—(CR4R55)o—CR, Ro0R 5, and/or
(mono)-ethers of the general chemical formula (2):
R41R4R4C—(CR4R5),,—O—(CR54R55),
CR.,R:,R;, and the use thereot as electrolyte solvent and/or
clectrolyte additive.

[0070] The substituents R,;,, R;-, R;3, R;4, R,5s, R, R,
Ros; Ross Ross Ry Ryny Raz, Ryg0r Ry, Ruo, Rusy Ryss Rys,
R.,,Rs,, Ro3, Ro,, R may 1 principle have the same mean-
ing as the meanings elucidated 1n connection with the elec-
trolyte of the invention and the specific embodiments thereof
for the substituents R, R,,, R;5, R4, R;s, R5;, Ros, Ros,
Rous Ross Ry Ryny Rygy Rygor Ry Ry, Ryss Rass Rys, Ry,
RS.’Z? RSS! R545 RSS‘

[0071] The electrolyte solvent or electrolyte additive may
in principle comprise the at least one (oligo)ether of the
general chemical formula (1) and/or the at least one (mono)
cther of the general chemical formula (2) either as main
solvent or main constituent or as cosolvent or secondary
constituent, or else consist of the at least one (oligo)ether of
the general chemical formula (1) or the at least one (mono)
cther of the general chemical formula (2) or a mixture thereof.

[0072] The electrolyte solvent may comprise, for example,
based on the total weight thereot, =0.1% by weight to <20%
by weight, for example >2% by weight to =20% by weight,
especially =5% by weight to =10% by weight, or 20.5% by
weilght to =2% by weight, of ethers of the general chemical
formula (1) and (2) (1n total).

[0073] As well as the at least one ether of the general
chemical formula (1) and/or (2), the electrolyte solvent may
comprise, for example, at least one further solvent, for
example at least one cyclic carbonate and/or at least one
acyclic carbonate. For example, the electrolyte solvent, based
on the total weight thereof, may comprise =15% by weight to
=40% by weight, especially =220% by weight to =35% by
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weight, for example 225% by weight to =30% by weight, of
cyclic carbonates and/or 250% by weight to <80% by weight,
especially 255% by weight to =75% by weight, for example
=60% by weight to =70% by weight, of acyclic carbonates
and/or 20.1% by weight to =20% by weight, especially =25%
by weight to =10% by weight and/or =0.5% by weight to =2%
by weight, of ethers. For example, the electrolyte solvent,
based on the total weight thereof, may comprise about 25%
by weight of cyclic carbonates, for example ethylene carbon-
ate (EC), about 70% by weight of acyclic carbonates and
about 5% by weight of ethers of the general chemical formula
(1) and/or (2), or about 25% by weight of cyclic carbonates,
tor example ethylene carbonate (EC), about 65% by weight of
acyclic carbonates and about 10% by weight of ethers of the
general chemical formula (1) and/or (2), or about 30% by
weight of cyclic carbonates, for example ethylene carbonate
(EC), about 60% by weight of acyclic carbonates and about
10% by weight of ethers of the general chemical formula (1)
and/or (2). For instance, the electrolyte solvent may advanta-
geously be endowed with good lithium 1on solvation or coor-
dination and low viscosity.

[0074] The electrolyte additive used may be the at least one
(oligo)ether of the general chemaical formula (1) and/or the at
least one (mono)ether of the general chemical formula (2), for
example 1 such a way that it 1s added to an electrolyte solvent
or electrolyte solvent mixture 1n an amount within a range
from =0.5% by weight to =2% by weight, based on the total
weight of solvent.

[0075] In the context of a specific embodiment, R,, and/or
R, orR,, and/or R,, 1s a carboxylic acid group (—CO,H) or
a carboxylic ester group, for example —CO,CH, or
—CO,C,H,, or a hydroxyl group (—OH) or a thiol group
(—SH) or a halogen atom, such as —F, —CIl, —Br, —I, for
example —F or —Cl, or a cyclic alkyl group, for example
—C.H,, or —C/F,,, or an alkenyl group, especially a sub-
stituted or cyclic alkenyl group, for example a trans-substi-
tuted or cis-substituted or fully substituted C—C double bond
unit, or an alkoxy group, especially a branched or cyclic

alkoxy group, for example —O—CH,, —O—C,H., —O-n-
C;H,, —O-n-C,H,, —O—CH(CH,)-, O—CH(CH;)
(C,H,), O—CH,—CH(CH,),, O—C(CH,),,
o—CH,,,—0O—CF,, —O—C,F;, —0O-n-C,F,, —O-n-
C,F,, O—CF(CF,),, O—CF(CF))(C,F,),
O—CF,—CF(CF,),, —O—C(CF;); or —O—C.F,,, or

an aryl group, for example —C H. or —C_F ., or a heteroaryl
group, or an aryloxy group, for example —O—C_H. or
O—CF: or a heteroaryloxy group, and

[0076] R, and R,; and/or R, and R.; or R,, and R,
and/or R,, and R, are each independently hydrogen or a
carboxylic acid group or a carboxylic ester group or a halogen
atom or an alkyl group or an alkenyl group or an alkoxy group
or an aryl group or a heteroaryl group or an aryloxy group or
a heteroaryloxy group, for example —H, —CO,H,
—CO,CH,, —CO,C,H,, —F, —Cl, —Br, —I, —CH,,
—C,H,, -n-C;H,, -n-C,H,, —CH(CH,;),, —CH{(CH,4
(C,Hs), —CH,—CH(CH;),, —C(CH;);, —CeH,,, —CFs,
—C,F., -n-C;F,, -n-C,F,, —CF(CF;),, —CF(CF;)}(C,F5),
—CF,—CF(CF,),, —C(CF,),, —CJF,,, O—CH,,

O—C,H,, —O-n-C;H,, —O-n-C,H,, —O—CH(CH,;),,

O—CH(CH,)(C,H;), —O—CH,—CH(CH,),, —O0—C

(CH;),, —0O0—CH,,,—0O—CF,;,—0O—C,F;,—0O-n-C,F-,
O-n-C,F,, O—CF(CF,),, O—CF(CF;)(C,F5),
O—CF,—CF(CF;),, O—C(CF;)s, O—Cly

—CcHs, —CgFs, O—CHs; or O—CsFs, or
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—CR,;R,,R;and/or —CR,;R.,R; or—CR,,R,,R,; and/
or —CR,,;R,,R,; 1s a cyclic alkyl group, for example
—CH,, or —C.F,,, or an alkenyl group, especially a sub-
stituted or cyclic alkenyl group, for example a trans-substi-
tuted or cis-substituted or fully substituted C—C double bond
unit, or an aryl group, for example —C_H. or —C/F., or a
heteroaryl group.

[0077] Inthe context of a further specific embodiment, R,
orR,, 1s—CO,H, —CO,CH,,—CO,C,H,, —SH or —OH,
or—CR,,R;,R;3 or —CR,;R,,R,; 1s —CH(CH,;),, CH,—
CH(CH;),, —CH(CH3)(C,Hs), —C(CH;)s —CeH,y s
—C.H,,, —CH; or—C_F.. More particularly, R,;, and R,
may be the same or —CR,,R,,R,; and —CR,R,,R,; may
be the same.

[0078] Inthe context of a further specific embodiment, R,
and/or R,; and/or R, and/or R, , and/orR,, and/or R, , are an
alkyl group and where R;, and/or R, , and/or R, ; and/or R, <
and/or R,; and/or R, are hydrogen or an alkyl group.

[0079] Inthe context of a further specific embodiment, R,
or Ry, 1s —CO,H, —CO,CH,, —CO,C,H,, —OH, —SH,
—F, —CH,,, —C./F,,, —C.H, or —C/F., especially
—CO,H, —CO,CH,, —CO,C,H,, —OH or —SH, {for
example —CO,H, —CO,CH,, —CO,C,H. or —SH, or
—CR4R4R4; o —CRsRsRs5 15 —CHyy, —Cglyy,
—C.H, or —C./F.. More particularly, R,; or R, or
—CR,,R,R,; and —CR,R.,R.; may be the same.

[0080] Inthe context of a further specific embodiment, R,
and/or R ,, and/or R, and/or R, are an alkyl group and where
R, and/or R, < and/or R, and/or R are hydrogen or an alkyl
group.

[0081] With regard to turther technical features and advan-
tages of the electrolyte solvent of the mvention, of the elec-
trolyte additive of the invention, of the ethers of the invention
and the uses thereot, reference 1s hereby made explicitly to the
clucidations i1n connection with the electrolyte of the mven-
tion, the lithium cell or battery of the invention, and the
figures and the description of the figures.

[0082] The invention further relates to a lithtum cell or
lithium battery, especially a lithtum 1on cell or lithium 10n
battery, for example an electric vehicle (EV), a hybrid or
micro-hybrid or plug-in electric vehicle (HEV or u-HEV or
PHEV), a mobile, stationary and/or maritime application, for
example for a tool and/or garden appliance (power tool) or a
consumer device, for example a cell phone, laptop/notebook,
MP3 player, which comprise an electrolyte of the mvention
and/or an electrolyte solvent of the imnvention and/or an elec-
trolyte additive of the invention and/or an ether of the mnven-
tion. The lithium cell/battery may especially have a negative
clectrode (anode) and a positive electrode (cathode). The
negative electrode and the positive electrode may be sepa-
rated spatially from one another by a separator, for example a
porous separator, for example made from polyethylene and/
or polypropylene. The negative electrode may comprise
graphite, for example. The positive electrode may comprise,
for example, a metal oxide and/or metal phosphate, for
example lithium nickel cobalt manganese oxide (NCM),
lithium nickel cobalt aluminum oxide (NCA), lithtum cobalt
oxide, a spinel such as lithium manganese oxide (L1iMn,O, )
and/or lithium 1ron phosphate (LiFePQO,).

[0083] Withregard to further technical features and advan-
tages of the lithium cell or lithium battery of the mvention,
reference 1s hereby made explicitly to the elucidations in
connection with the electrolyte of the imnvention, the electro-
lyte solvent of the invention, the electrolyte additive of the
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invention, the ethers of the invention, the uses of the inven-
tion, and the figures and the description of the figures.

DRAWINGS

[0084] Further advantages and advantageous configura-
tions of the subject matter of the invention are 1llustrated by
the drawings and elucidated 1n the description which follows.
It should be noted here that the drawings are merely of
descriptive character and are not intended to restrict the
invention 1in any way at all. The drawings show:

[0085] FIG. 1 aschematic view of a lithium 10n cell during
the charging operation; and

[0086] FIG. 2 a schematic view of the lithium 1on cell
shown 1n FIG. 1 during the discharging operation.

[0087] FIGS. 1 and 2 show that the lithium 10n cell has an
anode (negative electrode) 1 and a cathode (positive elec-
trode) 2, separated spatially from one another by a porous
separator 7, for example made from polyethylene and/or
polypropylene. The anode 1 may comprise, for example,
graphite (C,) and the cathode 2 may comprise a metal oxide
(LIMO,, LiM,0O,) and/or metal phosphate, for example
lithium nickel cobalt manganese oxide (NCM), lithium nickel
cobalt aluminum oxide (NCA), lithtum cobalt oxide, a spinel
such as lithium manganese oxide (LiMn,O,) and/or lithtum
iron phosphate (LiFePQO,).

[0088] FIGS. 1 and 2 show that the anode 1 1s 1n contact
with an anode output conductor 5, for example made from
copper, and the cathode 2 with a cathode output conductor 6,
for example made from aluminum. In the context of the
diagram shown i FIGS. 1 and 2, the anode output conductor
5 and the cathode output conductor 6 are electrically con-
nected to one another via an ampere meter 8.

[0089] FIGS. 1 and 2 further indicate that the cell includes
an electrolyte 3 comprising an electrolyte solvent or electro-
lyte solvent mixture that coordinates and solvates lithium 10ns
4. In addition, the electrolyte 3 may comprise a lithium-
contaiming conductive salt (conductive lithium salt), for
example lithium hexafluorophosphate (L1PF ). As electrolyte
solvent, the electrolyte 3 may especially comprise at least one
(oligo)ether of the general chemical formula (1) and/or a
(mono )ether of the general chemical formula (2). Optionally,
the electrolyte 3 may additionally comprise atleast one cyclic
carbonate, for example ethylene carbonate (EC), and/or at
least one acyclic carbonate.

[0090] FIG. 1 illustrates that, during the charging opera-
tion, lithium 1ons 4 (L17) leave the cathode 2 (L1,_,MO,,
L1, »,M,O,) are solvated by the electrolyte 3. The lithium
ions 4 solvated 1n the electrolyte 3 then migrate through the
porous separator 7 to the anode 1, where they intercalate into
the graphite (L1,C,). At the same time, electrons € move
from the cathode output conductor 6 to the anode output
conductor, 1.e. electrical current flows—through the output
conductors 3, 6 and the ampere meter 8—from the anode 1 to

the cathode 2.

[0091] FIG. 2 illustrates that, during the discharging opera-
tion, this process runs 1n reverse, with movement of electrons
¢~ from the anode output conductor 3 to the cathode output
conductor 6, 1.¢. flow of electrical current—through the out-

put conductors 5, 6 and the ampere meter 8—from the cath-
ode 2 to the anode 1, and with deintercalation of the lithium
ions 4 (Li1") out of the graphite (Li C,) and solvation by the
clectrolyte 3 and then migration, solvated 1n the electrolyte 3,
through the porous separator 7 to the cathode 2 (L1, _,,\MO.,,
L1,_,M,0,) and intercalation into the material thereof.
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[0092] The charging and discharging operation can be
expressed by the following equation:

Ce+LiMO,sLi, CetLiy,_,MOs.

1. An electrolyte, comprising

at least one cyclic carbonate; and/or

at least one acyclic carbonate; and

at least one ether.

2. The electrolyte as claimed 1n claim 1, wherein the elec-
trolyte, based on a total weight of the carbonates and ethers,
comprises =0.1% by weight to =20% by weight of ethers.

3. The electrolyte as claimed in claim 1, wherein the elec-
trolyte, based on a total weight of the carbonates and ethers,
COmprises:

=50% by weight to =80% by weight of acyclic carbonates;

=15% by weight to =40% by weight of cyclic carbonates

and

=0.1% by weight to =20% by weight of ethers.

4. The electrolyte as claimed 1n claim 1,

wherein the electrolyte, based on a total weight of the

carbonates and ethers, comprises =0.5% by weight to
=<2% by weight of ethers.

5. The electrolyte as claimed 1n claim 1, wherein the elec-
trolyte further comprises at least one conductive lithium salt.

6. The electrolyte as claimed 1n claim 1, wherein the at least
one ether comprises an ether, comprising at least one of at
least one carboxylic acid group, carboxylic ester group,
hydroxyl group, thiol group, halogen atom, and sterically
demanding group.

7. The electrolyte as claimed 1n claim 1,

wherein the at least one ether comprises an ether of the

general chemical formula:

R=1 IRIERI BC_(CRIELRI 5)}:1 [O (CRSIRSE)-::_
(CR33R34) E:-] & O {CR24R2 S)xE_C RE IREEREB

and/or
an ether of the general chemical formula:

R41R42R43C_(CR44R45)y1 O {CR54R55)_}’2_
CRﬁ 1R52R53

where 1=c=<10, 1=a<5, O=sb=<5and x,,X,, v, and y, are each
independently a number =0 and <3,

where R, , or R,, 1s a carboxylic acid group or a carboxylic
ester group or a hydroxyl group or a thiol group or a
halogen atom or a branched or cyclic alkyl group or an
alkenyl group or an alkoxy group or an aryl group or a
heteroaryl group or an aryloxy group or a heteroaryloxy
group, and R, , and R, ; are each independently hydrogen
or a carboxylic acid group or a carboxylic ester group or
a halogen atom or an alkyl group or an alkenyl group or
an alkoxy group or an aryl group or a heteroaryl group or
an aryloxy group or a heteroaryloxy group or

—CR,;R,,R;3;0r—CR_,;R,,R.;1s abranched alkyl group

or a cyclic alkyl group or an alkenyl group or an aryl
group or a heteroaryl group,

where R,,, R,,, R,; or R.,, R.,, R;; are each indepen-
dently hydrogen or a carboxylic acid group or a carboxy-
lic ester group or a halogen atom or an alkyl group or an
alkenyl group or an alkoxy group or an aryl group or a
heteroaryl group or an aryloxy group or a heteroaryloxy
group or

—CR,;R,,R,; or—CR;,;R;,R.;1s abranched alkyl group
or a cyclic alkyl group or an alkenyl group or an aryl
group or a heteroaryl group,
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where R4, Ry 5, Ryp, Ras, Ry, Rag, Rog, Ros, Rag, Rys, Rsy
and R ; are each independently hydrogen or a carboxy-
lic acid group or a carboxylic ester group or a halogen
atom or an alkyl group or an alkenyl group or an alkoxy
group or an aryl group or a heteroaryl group or an ary-
loxy group or a heteroaryloxy group.

8. The electrolyte as claimed 1n claim 7, where R, and/or
R;;and/orR,, and/orR,, and/orR,,and/orR,, or R ,, and/or
R,, and/or R, and/or R, are an alkyl group and where R,,
and/or R, and/orR,; and/orR, . and/or R,; and/orR,.orR
and/or R, and/or R, and/or R, are hydrogen or an alkyl
group.

9. An clectrolyte solvent or electrolyte additive for a
lithium cell, of the general chemical formula:

Ri1RR;C—HCR 4R 5)—O—(CR3 1 R35),—

(CR33R;4),]—O—(CR,R55).,—CR, R5R,5 where
1=c=10, 1=a=<5, O<b=<5 and x, and x, are each indepen-
dently a number >0 and =3,

where R, 1s a carboxylic acid group or a carboxylic ester

group or a hydroxyl group or a thiol group or a halogen
atom or a branched or cyclic alkyl group or an alkenyl
group, especially a substituted or cyclic alkenyl group,
or an alkoxy group, especially a branched or cyclic
alkoxy group, or an aryl group or a heteroaryl group or
an aryloxy group or a heteroaryloxy group, and R, , and
R, are each independently hydrogen or a carboxylic
acid group or a carboxylic ester group or a halogen atom
or an alkyl group or an alkenyl group or an alkoxy group
or an aryl group or a heteroaryl group or an aryloxy
group or a heteroaryloxy group or

—CR,,R,,R,; 15 a branched alkyl group or a cyclic alkyl

group or an alkenyl group, especially a substituted or
cyclic alkenyl group, or an aryl group or a heteroaryl
group, and

where R, ,, R,,, R, are each independently hydrogen or a

carboxylic acid group or a carboxylic ester group or a
halogen atom or an alkyl group or an alkenyl group or an
alkoxy group or an aryl group or a heteroaryl group or an
aryloxy group or a heteroaryloxy group or

—CR,,R,,R,; 15 a branched alkyl group or a cyclic alkyl

group or an alkenyl group, especially a substituted or
cyclic alkenyl group, or an aryl group or a heteroaryl
group,

where R4, R,-, Ry, R3,, Ry5, Ry, R, R, are each

independently hydrogen or a carboxylic acid group or a
carboxylic ester group or a halogen atom or an alkyl
group or an alkenyl group or an alkoxy group or an aryl
group or a heteroaryl group or an aryloxy group or a
heteroaryloxy group.

10. The electrolyte solvent or electrolyte additive as
claimed 1 claim 9, where R,, 1s —CO,H, —CO,CHj;,
—CO,C,H,, —SH or —OH or —CR,,R,,R,; 15 —CH
(CH3),, —CH,—CH(CHj;),, —CH(CH;)(C,Hs), —C(CHj)
., —CH,,, —C.F,,, —CH. or —C_F., especially where
R, 1sthe same as R, ; or where —CR,,R,,R,; 1s the same as
—CR 1R R 5.

11. The electrolyte solvent or electrolyte additive as
claimed 1n claim 9, where R, and/or R,; and/or R, and/or

10
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R,, and/or R,, and/or R, are an alkyl group and where R,
and/or R, and/or R, ; and/or R, and/or R, and/or R, are
hydrogen or an alkyl group.

12. An electrolyte solvent or electrolyte additive for a
lithium cell, of the general chemical formula:

R41R4R43C—(CR44Ry5),,s
CRS IRSERSS

()

wnF

{CR54R55)}:2—

where y, and y, are each independently a number =0 and

<5,

where R, 1s a carboxylic acid group or a carboxylic ester

group or a hydroxyl group or a thiol group or a halogen
atom or a cyclic alkyl group or an alkenyl group, espe-
cially a substituted or cyclic alkenyl group, or an alkoxy
group, especially a branched or cyclic alkoxy group, or
an aryl group or a heteroaryl group or an aryloxy group
or a heteroaryloxy group, and R,, and R,, are each
independently hydrogen or a carboxylic acid group or a
carboxylic ester group or a halogen atom or an alkyl
group or an alkenyl group or an alkoxy group or an aryl
group or a heteroaryl group or an aryloxy group or a
heteroaryloxy group or

—CR,,R,,R; 15 a cyclic alkyl group or an alkenyl group,

especially a substituted or cyclic alkenyl group, or an
aryl group or a heteroaryl group,

where R;,, R<,, R<; are each independently hydrogen or a

carboxylic acid group or a carboxylic ester group or a
halogen atom or an alkyl group or an alkenyl group or an
alkoxy group or an aryl group or a heteroaryl group or an
aryloxy group or a heteroaryloxy group or

—CR.;R,R<; 15 a branched alkyl group or a cyclic alkyl

group or an alkenyl group, especially a substituted or
cyclic alkenyl group, or an aryl group or a heteroaryl
group,

where R .., R, ., R, and R are each independently hydro-

gen or a carboxylic acid group or a carboxylic ester
group or a halogen atom or an alkyl group or an alkenyl
group or an alkoxy group or an aryl group or a heteroaryl
group or an aryloxy group or a heteroaryloxy group.

13. The clectrolyte solvent or electrolyte additive as
claimed in claim 12, where R,, 1s —CO,H, —CO,CHs;,
—CO,C,H,, —SH or —OH or —CR,,R,,R,, 1s —C_H, |,
—C.F,,,—C.H.or—C/F., especially where R, 1s the same
as R., orwhere —CR,, R ,R; 1sthe sameas —CR,R.,R.;.

14. The clectrolyte solvent or electrolyte additive as
claimed in claim 12, where R, and/or R, and/or R+, and/or
R, are an alkyl group and where R, and/or R, and/or R,
and/or R are hydrogen or an alkyl group.

15. A lithium cell or lithium battery comprising at least one
of an electrolyte as claimed 1n claim 1, and/or an electrolyte
solvent as claimed 1n claim 9, and an electrolyte additive as
claimed 1n claim 9.

16. The electrolyte as claimed 1n claim 5, wherein the at
least one conductive lithium salt 1s lithium hexafluorophos-
phate.

17. The electrolyte as claimed 1n claim 6, wherein the at
least one ether comprises at least one of a monoether and an
oligoether.
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